j [\lX * J 






(NASA— CR— 193937) SPACE STATION 

N9A— 32898 

EVOLUTION STUOY Final Report, 1993 


(Boeing Oefense and Space Group) 


85 p 

Unc 1 as 


G3/18 00050A7 

L. 




THE BOEING COMPANY 

CAGE CODE 3A768 




*Oo? f’ASf 


THIS DOCUMENT IS: 

CONTROLLED BY: Space Station Applications, 2-8500 

ALL REVISIONS TO THIS DOCUMENT SHALL BE APPROVED 
BY THE ABOVE ORGANIZATION PRIOR TO RELEASE 

PREPARED UNDER: 0 CONTRACT NO. NAS8-38783 

□ IR&D 

□ OTHER 

PREPARED ON: Mac Word FILED UNDER: D495-69756-1 

DOCUMENT NO.: D495-69756-1 , informal MODEL: Space Station Program 

TITLE Space Station Evolution Study Status Report 


ORIGINAL RELEASE DATE 


ISSUE NO.: 


TO: 


DATE: 


0 THE INFORMATION CONTAINED HEREIN IS NOT PROPRIETARY 

□ THE INFORMATION CONTAINED HEREIN IS PROPRIETARY TO THE BOEING COMPANY 
AND SHALL NOT BE REPRODUCED OR DISCLOSED IN WHOLE OR IN PART OR USED 
FOR ANY DESIGN OR MANUFACTURE EXCEPT WHEN SUCH USER POSSESSES DIRECT, 
WRITTEN AUTHORIZATION FROM THE BOEING COMPANY. 


ANY ADDITIONAL LIMITATIONS IMPOSED ON THIS DOCUMENT 
WILL BE FOUND ON A SEPARATE LIMITATIONS PAGE 



PREPARED BY: 
CHECKED BY: X 

SUPERVISED BY: 
APPROVED BY: 

QA: 

DQA: 




2-H 

2-H 

2-H 

2-H 

2-H 

2-H 


9-c-93 

1o/}» /93 


SIGNATURE 


ORGN 


OATE 


REV NEW 


1 of 117 


THE BOEING COMPANY 


. £ v 2 



•a 

a 

X) 

« 

jU 

f 

c 

o 

•a 

a 

a 

.5 

o 

00 

CO 

a. 


REV NEW 


D495-69756-1 


2 


THE BOEING COMPANY 


Abstract 

This is the Space Station Freedom (SSF) Evolution Study 1993 Final Report, performed under 
NASA Contract NAS8-38783, Task Order 5.1. This task examined: (1) the feasibility of 
launching current National Space Transportation System (NSTS) compatible logistics elements 
on expendable launch vehicles (EL Vs) and the associated modifications and (2) new, non-NSTS 
logistics elements for launch on ELVs to augment current SSF logistics capability. 
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Logistics Study/9-2-93/rrg 


This document is the September, 1993, final report from the Space Station Evolution Study, contract 
NAS8-38783, Task 5.1 , Logistics System Elements. This task was conducted by the Space Station 
Freedom (SSF) Applications Group, Boeing Defense and Space Group, Huntsville, Alabama, for 
NASA Marshall Space Flight Center. The purpose of the study was to perform conceptual evaluations 
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The purpose of this study was to perform conceptual evaluations of SSF logistics carriers launched on 
expendable launch vehicles. Two evaluations were performed: (1) modifications of current 
STS-compatible carriers for launch on an ELV and return on STS, and (2) new carriers intended for 
launch on an ELV and either non-STS reentry or reuse on-orbit. Study focus was on carrier concepts. 
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Use worst case of Titan IV and Ariane V load factors 
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This section summarizes the SSF logistics carriers currently in development. They are all intended for 
launch and return in STS. The STS middeck also carries SSF logistics but was not evaluated in this 
study. 
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Logistics Element (LE Overview) 
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LOGISTICS ELEMENTS ARE MAJOR COMPONENTS OF THE SYSTEM USED TO TRANSPORT 

CARGO TO AND FROM THE SPACE STATION 




new weight estimate from Aienia dated June 15 puts MPLM tare weight at 7688 ibs. 


THE BOEING COMPANY 



REV NEW 


D495-69756-1 


16 


24/105/6-18-93/Cox 



Configuration & Characteristics 

Current PLM & MPLM 
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Propulsion Module Layout 
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Preliminary ULC Configuration 
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Cryogenic Nitrogen Carrier (CNC) 

Preliminary Configuration 
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Launch Vehicle Characteristics 
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Launch vehicle performance is summarized here. The key performance parameters are: STS 
performance directly to SSF orbit (220 nmi), and ELV performance to 100 nmi. For ELVs, the CTV 
takes payloads from 100 nmi up to SSF orbit. 
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Launch Vehicle 
Characteristics 



. Solid Rocket Motor Update 3. BUS-1 5. Ariane V User's 6. AIAA International Reference Guide 

!. 220 nm. Circular; 28.5° 4. Auto. Trans. Vehicle (ATV) Manual 3/91 to Space Launch Systems 1991 ed. 
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This chart describes a reference mission scenario for delivering logistics elements to SSF on an ELV 
and returning them on STS. For long delays between ELV and STS flights, logistics elements may 
have to be moved on SSF to a temporary storage location. 
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ELV/STS Reference 
Mission Profile 
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ESA ATV Executive Summary Document 12/15/92 






Four strongback concepts are shown. Their sources are described below. We used concept (1) in most 
of our analyses. In order to fly STS compatible logistics carriers without modification on ELVs, a 
strongback providing equivalent trunnion and keel pin fitting interfaces is required. Use of a strongback 
will require either ELV shroud modifications (additional holes with aerodynamic covers to allow trunnion 
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Option 3: Shell Structure 
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Side View NLS Payload Bay 
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Titan IV Sized SSF Resupply Vehicles 

Payload Accommodations Compatible with STS Trunnion Mounted Payload Support System 
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SLIDING SHELL SLIDING BEAM STRONGBACK 

APPROACH APPROACH APPROACH 

PAYLOAD CAPABILITY PAYLOAD CAPABILITY PAYLOAD CAPABILITY 

14-20 K 20-26 K 26-32 K 
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Integral Payload Support Beam Simulates 

Orbiter Longeron 
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Two approaches were taken in this study. First, we looked at concepts for minimum mods to existing 
logistics carriers to adapt them for launch on an ELV and return on STS. The second time through, we 
looked at ways to modify carriers more significantly, or identify new carriers, for launch on ELV without 
return on STS. Logistics elements "optimized" for ELV launch must be either deorbited for destructive 
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Pressurized Logistics Carriers 
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Seventy-two gusset stabilizers were added to the PLM aft ring where the adaptor attaches. This Phase 
B chart did not show a payload de-couple, or separation, system. A separation system concept defined 
in the current study is shown in the next chart. The separation system would be actuated by a CTV 
command. 
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CTV/PLM Separation System Concept 




As described in the previous End-Mounted PLM concept chart, trunnion and keel pins on the 
PLM/MPLM will exceed the 180" diameter dynamic envelope of a Titan IV or Ariane V ELV (installed 
pins yield payload diameter of 195.5"). In order to launch on an ELV and return on STS, either the pins 
will have to be taken out and reinstalled on-orbit, or left in and holes cut in the ELV shroud. The pins are 
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Lab 'A' MTC PDR Primary Structure 
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AUXILARY FITTING 
REACTS SIDE LOADS ( Fy ) 


Power and cooling will have to be provided to the PLM/MPLM during launch and transfer to SSF. The 
ATV provides up to 500W to the payload, but the PLM/MPLM will require more power and liquid cooling. 
For purposes of sizing, a load of 1875W (MPLM with 1 system rack and 7 refrigerator/freezer racks) was 
used. Calculations for providing these resources are shown in the following charts. It is envisioned that 
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Weight of batteries: (2)(540 lbs) = 1 ,080 lbs 
Volume of batteries: (2)(3.3) = 6.6 ft 3 

4 batteries required for 48 hours plus additional 40 hours standoff capability 
yielding 2,160 lbs and 13.2 ft 3 
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ATV Power to PLM/MPLM (cont) 

Concept Sketch 
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ATV Power/1 05/6-3-93/Cox 


he next two charts illustrate concepts for pressurized carriers optimized tor ELV launch. PLM with Late 
access Panel and Spacehab on ELV are conceptualized to ease the late access problem with a 
ertically installed PLM/MPLM on an ELV. Access panel is sized to allow rack-sized items to pass. 
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PLM with Late Access Panel 


THE BOEING COMPANY 








D495-69756-1 


75 


NA)14/PLM Late Access/Evans/6-15-93 





THE BOEING COMPANY 


«j 


3 

c 

o 

•a 

a 

a 

.s 

o 

0© 

ex, 


3 

N—' 


REV NEW 


D495-69756-1 


Spacehab on ELY 


THE BOEING COMPANY 



REV NEW 



D495-69756-1 
PAG# BLANK NOT FILWtEO 



INTENT ION ALLY BLANK 


77 




The next section describes unpressurized logistics carrier concepts defined during the two portions of 
this study, (1) concepts for minimum mods to existing carriers to adapt them for launch on an ELV and 
return on STS, and (2) ways to modify carriers more significantly, or identify new carriers, for launch on 
ELV without return on STS. Logistics elements "optimized" for ELV launch must be either deorbited for 
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Strongback-Mounted ULC 



U/017/Strongbk-mtd ULC/Evans/6- 15-93 








End-mounting a pair of PMs would require more than minimum mods to the carrier, so we opted for a 
strongback installation as the minimum mod concept. An end-mounted concept is shown in the next 
section. 
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The following section describes our ELV-optimized unpressurized carriers. 
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Shroud Chamber" ULC Concepts 
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The "edible" carrier term came from a NASA statement requesting innovative ideas for reducing the cost 
of logistics carriers and therefore SSF resupply. The term "edible" applies here because in this concept 
the carrier is in fact used for a different purpose after it arrives at SSF, as the term implies. Two 
concepts are shown, an edible ULC and an edible rack. Both are envisioned to be designed for two 
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Unpressurized Logistics Carrier 
"Cruciform” Option 
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This chart illustrates a concept for a ULC configured for launch on an Altas. The concept will require a 
new CTV (Titan and Ariane CTVs are 160" to 155" diameter) or a larger diameter Atlas shroud. The 
concept also suggests that further investigation of existing smaller launch vehicles and their capability to 
resupply SSF should be made considering number of launches and cost. 
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Small ULC 
(Atlas IIA Lanched) 
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N/021/Stacked "Triangular Beam "/Evans/6- 14-93 




Weights analyses of two potential STS/ELV logistics upmass scenarios were completed. The specific 
vehicle and carrier/cargo mixes were provided by NASA. The downmass scenario assumes some 
trash disposal on each flight prior to reentry to not exceed STS landing weight limits. Weight analysis 
on the downmass scenario was not performed. 
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Option 1 Mass Properties 
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An issue mentioned earlier associated with delivering carriers to SSF by ELV and returning them by 
STS is twofold: (1) delay in arrival of STS means carriers with contents to be returned in STS may 
accumulate at SSF (taking up valuable attachment locations) and after exposure must be structurally 
and otherwise verified prior to STS reentry, and (2) in order to pick up a carrier at SSF and return it, the 
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A trash disposal technique has been conceived that will make ELV resupply of SSF more effective by 
reducing the amount of materials that must be returned by STS. This trash disposal concept is a 
simple, low-cost technique of transporting trash and other non-returnable items to a destructive reentry. 
The concept makes use of a ballute providing high atmospheric drag. The trash disposal vehicle (TDV) 
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An autonomous return vehicle has been conceived that will return its contents safely to a water landing. 
The vehicle is stored at SSF, and returns carriers, modules, and their contents without STS. 
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Ballistic Return of Logistics Elements 
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